The incidence, etiology, outcome, and risk factors for developing pneumonia late after hematopoietic stem cell transplantation (SCT) were investigated in 1359 patients transplanted in Seattle. A total of 341 patients (25% of the cohort) developed at least one pneumonic episode. No microbial or tissue diagnosis (ie clinical pneumonia) was established in 197 patients (58% of first pneumonia cases). Among the remaining 144 patients, established etiologies included 33 viral (10%), 31 bacterial (9%), 25 idiopathic pneumonia syndrome (IPS, 7%), 20 multiple organisms (6%), 19 fungal (6%), and 16 Pneumocystis carinii pneumonia (PCP) (5%). The overall cumulative incidence of first pneumonia at 4 years after discharge home was 31%. The cumulative incidences of pneumonia according to donor type at 1 and 4 years after discharge home were 13 and 18% (autologous/syngeneic), 22 and 34% (HLA-matched related), and 26 and 39% (mismatched related/unrelated), respectively. Multivariate analysis of factors associated with development of late pneumonia after allografting were increasing patient age (RR 0.5 for o20 years, 1.2 for 440 years, P ¼ 0.009), donor HLA-mismatch (RR 1.6 for unrelated/mismatched related, P ¼ 0.01), and chronic graft-versus-host disease (GVHD; RR 1.5, P ¼ 0.007). Our data suggest that extension of PCP prophylaxis may be beneficial in high-risk autograft recipients. Further study of long-term anti-infective prophylaxis based on patient risk factors after SCT appear warranted.
late complications
Despite improved outcome of blood and marrow stem cell transplantation (SCT), infection remains a serious complication after myeloablative conditioning. After engraftment, patients remain at risk for potentially fatal infection due to immunosuppression and chronic graft-versus-host disease (GVHD). [1] [2] [3] [4] [5] Our previous report examining the incidence of first pneumonia following discharge from Seattle during 1985-1989 revealed a Kaplan-Meier probability of late pneumonia by 4 years post-transplant of 60 and 25%, respectively, in HLA-matched recipients with and without chronic GVHD. 6 An increased risk for all types of late infection including pneumonia after SCT was observed among patients with HLA-mismatched related donors or active chronic GVHD. [1] [2] [3] Two groups have further examined the incidence of late post transplant infections. 4, 5 From a survey among 18 UK centers, Hoyle et al 4 reported that only 6% patients developed late life-threatening infections of any type requiring admission. In another report with 249 allograft transplant recipients from a single center, the incidence of any type or site of late infection up to 2 years post transplant was greater in unrelated donor recipients, advanced GVHD, and patients of older age. However, pneumonia only comprised about 10% of total single-site infection cases. 5 The incidence rates of late infection could be higher and were acknowledged by both studies. The present study investigated the incidence, etiology, risk factors, and outcome of pneumonia developing late after autologous, HLA-identical, nonidentical, and unrelated SCT in order to further define methods to improve post transplant monitoring and infection control.
Material and methods

Study population and follow-up
A total of 1359 patients (63% of all transplanted cases (2164 patients)) given allogeneic, syngeneic, autologous, and unrelated marrow or blood SCT at the Fred Hutchinson Cancer Research Center (FHCRC) between January 1992 and January 1997 were prospectively followed after discharge home ( Table 1 ). These patients were followed after returning home a median of 95 (range 12-245), 99 , and 49 (11-268) days, respectively, after HLA-matched related (N ¼ 471), HLA-mismatched related/unrelated (N ¼ 466), and autologous/syngeneic (N ¼ 422) peripheral blood or marrow SCT. Criteria for discharge home included sustained hematopoietic engraftment without further need for transplant-specific intensive care or control of active infection or GVHD. However, exceptions exist as some patients returned to the care of their referring physicians without achieving the above criteria.
Subsequent follow-up and tracking of medical events were conducted by several methods. 7 On-site examination of returning patients was performed at the first and selected subsequent anniversaries of transplantation and included detailed medical, hematological, and immunological evaluations. Follow-up questionnaires were sent to referring physicians initially at 6 months and then at each anniversary of SCT. Medical events, including infection and pneumonia, were detailed and survival data reported to the date of last contact. Yearly questionnaires were also sent to each patient eliciting functional performance information, symptoms, and medical complications and infection. Coding and key entry of incoming information (questionnaire, office and telephone records, and return visits) were performed within 48 h of receipt, using modified codes of the Systemized Nomenclature of Medicine (SNOMED). With this broad-based approach to followup, current medical status information was available for 92% of surviving patients. 7 
Definitions of pulmonary infection
Histological and microbiologic evaluations of bronchoalveolar lavage (BAL) or lung biopsy were provided by primary physicians or by the virology or microbiology laboratories at FHCRC. Patients were designated as having idiopathic pneumonia syndrome (IPS) if there were diffuse radiographic multilobar infiltrates and no viral or other pathogen identified by histology or tissue culture. 8 If microbiologic or tissue samples were not obtained, the etiology was categorized as unknown (ie clinical pneumonia diagnosis). Pneumonia was classified as multiorganism if more than one pathogen was reported. Patients were considered to have had multiple distinct episodes of pneumonia if the isolates were recovered at least 2 weeks apart. Pneumonias developing at or after morphologic relapse of malignancy were excluded from analysis.
Infection prophylaxis policies
During the study period, Pneumocystis carinii pneumonia (PCP) prophylaxis in autologous/syngeneic transplantation was given until day 120 after transplant. In allograft recipients, PCP prophylaxis was given until 6 months after transplant or until discontinuation of immunosuppressive treatments for chronic GVHD, whichever occurred later.
The dose of trimethoprim/sulfamethoxazole (TMP/SMX) prophylaxis was one DS tablet p.o. twice daily on two consecutive days each week. In case of sulfa intolerance, desensitization for TMP/SMX was started post transplant Cytomegalovirus (CMV) prophylaxis employed an antigenemia-guided pre-emptive treatment approach.
11,12 CMV antigen (pp65) monitoring was performed weekly until discharge home. Starting in 1997, the monitoring in CMV seropositive individuals, seronegative patients with seropositive donors, or individuals receiving corticosteroid therapy for chronic GVHD continued until day 365. Ganciclovir was administered to patients with either CMV antigenemia (45 positive cells per slide) or viremia (detected by shell vial culture). All transplant recipients were given fluconazole 400 mg/day orally or intravenously from the start of conditioning through day 75. No antifungal prophylaxis was administered after day 75. 13, 14 Antibacterial and PCP infection prophylaxis was given after discharge home for those receiving chronic GVHD therapy. 7 This consisted of intermittent TMP/SMX as described above and daily penicillin prophylaxis. If severe hypogammaglobulinemia (IgG o400 mg/dl) and documented infection developed, intravenous immunoglobulin (IVIg) was given at a dose of 500 mg/kg/month. Subsequent doses were adjusted based on serum IgG level and clinical status. The vaccination policy for SCT recipients generally starts 1 year after transplant. 15 
Statistical methods
The incidence of first episodes of pneumonia was summarized from the time of discharge home using cumulative incidence estimators. Potential risk factors for developing pneumonia were evaluated using univariable and multivariable Cox proportional hazards regression. Covariates included patient age, patient/donor gender combination, relationship of donor to patient, diagnosis, total body irradiation (TBI), GVHD prophylaxis regimen, patient/ donor CMV serostatus, and chronic GVHD. Chronic GVHD was treated as a time-dependent covariate. Since several risk factors for pneumonia were not relevant in the autologous or syngeneic transplant setting, separate multivariable regression models were developed for the allogeneic and autologous/syngeneic populations. For 33 pneumonia cases, follow-up ended at the time of pneumonia diagnosis. These patients were therefore not included in the survival analysis. Kaplan-Meier curves were used to summarize survival from the time of diagnosis of first pneumonia following discharge home.
Results
Patient characteristics
Demographics and cohort characteristics are described in Table 1 . Of the 1359 patients discharged home between 1992 and 1997, 471 patients received allografts from HLAidentical siblings, 134 from mismatched related donors, 332 from unrelated donors, 23 from syngeneic donors, and 399 from autologous marrow or peripheral blood stem cell sources.
Incidence and etiologies of pneumonia
With a median follow-up of 2 (range 0.01-5) years, 341 patients (25% of the cohort) developed at least one episode of pneumonia after discharge home. Among these patients, there were 478 episodes of pneumonia: 265 patients (78%) had a single episode, 64 (19%) had 2-3 episodes, and 12 (3%) had four or more episodes of late pneumonia. Since the incidence and survival of first pneumonia were similar for HLA-mismatched related and unrelated donor recipients, these two groups were combined in the analysis. The cumulative incidences of first pneumonia at 4 years after discharge home were 39, 34, and 18% among unrelated/ HLA-mismatched related, matched related, and autologous/syngeneic transplants, respectively (Figure 1) .
Although most first pneumonias occurred by 2 years after discharge home, some patients were still at risk of developing first pneumonia well beyond the second year. The median days after transplant of onset of each type of pneumonia are 165 days for viral, 222 days for fungal, 237 days for idiopathic, 278 days for PCP, 337 days for bacterial, and 316 days for clinical pneumonia. The cumulative incidences at 2 years after discharge were 33% in unrelated/HLA-mismatched related, 28% in HLA-matched related, and 15% in autologous/syngeneic recipients. At 4 years after discharge home, the cumulative incidence of all types of first pneumonia was 31%. The overall incidences for 4 years of specific etiologies included 19% clinical pneumonia, 3% bacterial, 3% viral, 2% multiple organism, 2% IPS, 1% fungal, and 1% Pneumocystis carinii. For etiologies of special interest, we evaluated all cases of late pneumonia regardless of episode number. The cumulative incidences of ever developing CMV pneumonia as a first or subsequent pneumonia at the first and fourth year were 2.4 and 2.7%, respectively, regardless of CMV serological status. The cumulative incidences of ever developing PCP at the first and fourth year were 1.8 and 2.2%, respectively.
The etiologies of first pneumonia episodes are presented in Table 2 . Etiologies of viral pneumonia included CMV (22 cases), respiratory syncytial virus (3), herpes simplex Table 2 ). Six of the 16 patients received autologous transplants, where prolonged PCP prophylaxis was not routine and none of the six patients were receiving TMP/SMX when PCP developed. The underlying diseases of these six patients included leukemia (3), lymphoma (2), and neuroblastoma (1). Five of the six patients survived the PCP episodes. No patient with breast cancer developed PCP. Two autograft patients with PCP were receiving corticosteroids for either pseudo-GVHD or chronic idiopathic thrombocytopenia purpura. Overall, incidences of PCP as the first pneumonia for the entire cohort of autograft recipients and autograft recipients with the primary diagnosis other than breast cancer were 1.5 and 2.5%, respectively. Of the 10 allogeneic recipients developing PCP, one individual was receiving TMP/SMX and four were receiving low-dose dapsone prophylaxis at the time of infection. 10 Four patients with active chronic GVHD were receiving immunosuppressant therapy without PCP prophylaxis. The underlying diseases of these 10 allograft recipients included leukemia (8), myelodysplastic syndrome (1), and multiple myeloma (1).
Analyses of risk factors for first late pneumonia
Multivariable regression models were constructed to assess whether covariates identified as significant in the singlefactor analyses represented independent risk factors for developing any pneumonia. There was no evidence that risks differed for HLA-matched related transplants vs mismatched/unrelated transplants; therefore, multivariable regressions were performed separately for allogeneic (related or unrelated) patients and for autologous patients. Among the allogeneic recipients, patient age, donor type, and chronic GVHD were significant independent risk factors for developing late pneumonia (Table 3) . Patients under 20 years of age were at lower risk relative to patients in the 20 to 40-year age range (RR ¼ 0.5). The associations seen in the univariable analyses (primary disease diagnosis, donor/recipient sex, TBI dose, and prior acute GVHD) were no longer statistically significant after adjusting for other factors. Among autologous SCT recipients, no significant independent risk factor was identified.
Survival after pneumonia
The overall survivals at 1 month and 1 year after the diagnosis of first late pneumonia were 80 and 63%, respectively. Survival according to type of pneumonia is illustrated in Figure 2 . The number of deaths within 14 days after diagnosis of initial pneumonia episode are five patients for idiopathic, three for bacteria, six for viral, 11 for fungal, two for PCP, 11 for clinical, and six for multiple organism pneumonias. The survival rates at 1 year after diagnosis of pneumonia were lowest among patients with multiorganism (8%) or fungal (27%) etiologies. Survival rates after first pneumonia caused by viral or PCP cases were 41 and 51%, respectively. Patients diagnosed with idiopathic or bacterial etiologies had 1-year survivals of 60 and 71%, respectively. In 197 cases of clinical pneumonia, where patients were empirically treated without a microbiologic diagnosis, the 1-year survival was 76%.
Discussion
This study demonstrates that patients remain at substantial and sustained risk of developing life-threatening pneumonia late after myeloablative SCT. The cumulative incidence of a first pneumonia episode at 4 years after discharge home was 18% for autologous/syngeneic, 34% for HLA-matched related, and 39% for mismatched/unrelated SCT. The true incidence of late pneumonia may be higher since some patients did not meet the home discharge criteria due to Table 2 First pneumonia episodes after discharge home ongoing transplant complications. Late pneumonia could be classified into six categories:
(1) The largest cohort of late first pneumonias (197 cases, 58% of total) in this study was clinical pneumonia and these patients were empirically treated without establishing a tissue or microbial isolate diagnosis. The relatively favorable outcome in this group of patients suggests that the clinical presentation of these pneumonias may have been less severe. Similar empiric strategies have been employed in the management of community-acquired pneumonia wherein no specific cause was found in 25-50% of nontransplant pneumonia patients. 16 (2) Next most common were bacterial pneumonias. The most frequent isolate was S. pneumoniae; however Gramnegative organisms (seven cases, 23% of all bacterial pneumonia) appeared to be more prevalent in the current study than in an immunocompetent population. 16 Late bacterial pneumonias were often associated with chronic GVHD in this and in earlier reports from our center. 2, 3 Recent studies indicate that pneumococcal infection can occur despite prophylactic antibiotics. 5, 17 Whether these cases occurred due to lack of compliance with prophylaxis or to resistance to TMP/SMX or penicillin could not be assessed in this study.
(3) Fungal and multiple organism pneumonias had a very poor prognosis. Aspergillus represented a significant proportion of late infections in two large studies and has a known high mortality. 4, 5 With better control of other opportunistic infections, especially CMV, invasive fungal disease has become the leading infectious cause of death during the first 100 days after transplant. 18, 19 Late fungal infection is predominantly due to aspergillus, while late candidiasis appears to be less common since introduction of post transplant fluconazole prophylaxis in allograft recipients. 14, 20 (4) PCP was a relatively rare complication. In this study, all cases of PCP developed within 2 years of discharge home. Infections in the 10 allografts occurred either after PCP prophylaxis had been discontinued or during prophylaxis with low-dose dapsone. However, six autograft patients developed late PCP. While this relatively high incidence of late PCP was unexpected, it was similar to another series of 12 patients developing PCP in an European study where only two were taking TMP/SMX prophylaxis. 4 In a retrospective study in Seattle, there was an 18-fold increased relative risk of PCP in patients receiving dapsone (50 mg p.o. b.i.d. 3 days a week) compared with standard TMP/SMX prophylaxis. 10 Based on that study and other recent reports comparing dapsone to TMP/SMX, it appears that daily dosing of dapsone is required to provide protection comparable to TMP/SMX prophylaxis. [21] [22] [23] [24] [25] (5) Late-onset CMV pneumonia has emerged as an important complication. 26, 27 In a prior study, one-third of late viral infections were caused by CMV, and CMV was responsible for 57% of late life-threatening viral infections. 5 In the current study, two-thirds of late viral pneumonias were caused by CMV, and most of these first late episodes occurred within the first year after discharge home.
(6) Idiopathic pneumonia was seen in 7% (25 cases) of this cohort and survival 1 year after diagnosis was 60%. Studies of late pneumonia report a 20-54% incidence of IPS. 28, 29 Early after transplant, IPS has a mortality rate of 60-75%. [30] [31] [32] Thus, late IPS may have a somewhat better outcome than those developing earlier post transplant.
Strategies to prevent late pneumonia can be developed based on the patient risk factors and infectious etiologies. Individuals with high risk features such as mismatched or unrelated donors, chronic GVHD, older age, or autologous patients with the diagnosis of hematological malignancies should be monitored closely for early signs or symptoms of lower respiratory tract infection or CMV antigenemia. As a result of the significant mortality rate associated with late pneumonia even as late as 3-4 years after transplant, tissue sampling by BAL should be obtained to identify specific pathogens in patients who develop pneumonia. 33 To prevent PCP, TMP/SMX prophylaxis can be considered for at least 6 months after autologous SCT for treatment of hematologic malignancies. For autograft recipients, this is longer than previously recommended. 15 Allogeneic SCT recipients should receive PCP prophylaxis until 6 months after immunosuppressive therapy has been discontinued. Daily dapsone is recommended as second-line prophylaxis. Aerosolized pentamidine appears associated with lower efficacy and higher 1-year mortality. 34 For fungal prophylaxis, fluconazole significantly reduces the risk of systemic fungal infection early after SCT. 35 When given until day 75, fluconazole also has a long-term protective effect against Candida albicans and C. tropicalis.
14 Patients with high-risk features (unrelated donor recipients receiving immunosuppressive therapy for active chronic GVHD, or those with neutropenia) may benefit from prolonged antifungal prophylaxis.
14,36,37 A prospective, randomized study is currently under way to test the efficacy of long-term prophylaxis. For prevention of CMV disease, early detection of CMV infection followed by 'preemptive therapy' appears to be effective.
11,38-40 Alternatively, ganciclovir prophylaxis can be given early after transplant.
11, 41 Late CMV disease is now a complication that occurs with both early pre-emptive therapy and prophylaxis. 26 Prevention strategies for late CMV disease such as continued surveillance and pre-emptive therapy or extended prophylaxis with oral anti-CMV drug (eg valganciclovir) are currently under study. 26, 42 For prevention of bacterial pneumonia, most transplant reports have been directed toward prevention of Grampositive encapsulated organisms. Patients with chronic GVHD have an increased risk for pneumococcal infections due to reduced levels of pneumonoccal antibody and due to poor immunologic response after polysaccharide pneumococcal vaccinations. Conjugate pneumococcal vaccines might offer greater protection from this infection, and guidelines for post transplant immunizations for both autograft and allograft recipients have been recently published. 15 Hypogammaglobulinemia is also associated with recurrent pneumococcal infections in transplant recipients, 43, 44 and IVIG repletion is recommended to prevent recurrent disease. Individuals with pneumococcal infection should be placed in standard isolation. 45 Patients receiving prednisone therapy for treatment of chronic GVHD or other reasons (including autograft recipients) should be receiving prophylactic TMP-SMX. For Gramnegative organisms, prevention of disease with antibiotics, in particular fluoroquinolones, has been controversial because of concerns about the emergence of drug resistance. 46, 47 In both the early and late post transplant periods, routine use of IVIG prophylaxis has not consistently shown long-term survival benefit. [48] [49] [50] In the absence of infection and severe hypogammaglobulinemia (serum IgG o400 mg/dl), routine use of IVIG is not indicated.
In conclusion, we have found that pneumonia remains a significant cause of morbidity and mortality over an extended period of time after SCT and requires continued long-term monitoring. Infection control measures should be tailored to patient risk factors and improved methods to reduce GVHD and evolving guidelines and approaches to preventing late infection could potentially further decrease the mortality of myeloablative SCT.
